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The synthesis of 1.,3,3-trinitroasetidine was carried out by means
of the reaction of 1-t-butyl-3-methanasulfonatoazetidine with sodium
nitrite to give 1-t-butyl-3-nitroazetidine. Oxidative nitration gave 1-
t-butyl-3,3-dinitzoasetidine, and nitrolysis with acetyl nitrate gave
1.3, 3=trinitroasetidine. Other routes were explored. 1-Benszhydryl-
3,3-dinitroasetidine was obtained by nitrite displacement of i-benthy-
dryl-3-methanasulfonatoaszetidine, followed by oxidative nitration, but

.. attempts to replace the benshydryl group by nitrolysis, hydrogenation or
"~ +breminstion were unsuccessful. Nitration of 1-t-butyl-3-hydroxyaseti-
A g‘u 3-methanesulfonatoazetidine, 3~cardoxyazetidine and 3-hydroxy-

. asetidine gave, respectively, 1-t-butyl-3-nitratoazetidine, 1-nitro-3-
.. methanesulfonatoasetidine, 3-carboxy-i-nitroasetidine and i-nitro-3-
nltutunuduu .

[N

ltontmuon of 2,4-dioniminoadamantane under mildly acidic condi-
- tions gave 2,4-didbromo-~2.4-dinitroadamantane. Reactions of 2-oximino-
sdamantane, 2,4-dioxinincadamantane and 2,6-dioximinobicyclo(3.3.1)-
nonane with neutralised hypochlorous acid rasulted in replacement of the
onime groups with gem-diohloro group Ozxzimes on cyclohexane rings,
even with substituents to prevent ri versions, gave the normal
oonversion to gem-chloronitroso groups. The sodium salt of 2I-nitro-
adamantane reacted with tetranitromethhne to give 2,2-dinitroadamantane.
although the salt of nitrocyclohesane gave only the coupling product,
1.4 -dinitcobicyclohanyl. In the presende of nitrite ion, the latter:
zreaction gave i,i-dinitrocyclohexane.
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1. INTRODUCTION

This report summarizses the research under Contract N00014-78-C-0147
during the period { Januarv 1983 through 31 December 1983 The obiec-
tive of this work is the synthesis of new high density. high eneray
oompounds for explosives applications. Work was continued in the atea
of polynitroadamantanes. A new area of investigation is the synthesis

of small ring snergetio heterocyoles.

11. AZETIDINE CHEMISTRY

A. DISCUSSION

On the basis of its theoretical density and explosive properties.
1,3,3-trinitroasetidine was selected as a target compound. Calculations
of the density and eszplosive properties. using the Miller and Chafin
program, ate shown in Table 1. Previously on this program. research was
aimed at the synthesis of nitrooxetanes for use as nononnu.l and tech-
niques that were develsped for the introduction of gem-dinitro groups
into the ozetane system provided potential applicablilty to the
asetidine ring system.

TABLE 1
Calculated Properties of 1,3.3-Trinitroazetidine

CHz-C(Noz)z Density.............. 1.82

t ! Detonation velocity.. 8.68 mm/microsec
N---Cﬂ2 Detonation pressure.. 353.54 kbar

1 Heat of formation. ... 56.92 koal/100 ¢
NO2 109.35 kcal/mole

Although a considerable amount of work has been reported dealing

with uotldlnu.z the only nitro-substituted example known is {-nitro-

Be™
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ssetidine, which was synthesized from 1-nitrosoazetidine.

CH_-CH CH. -CH CH,_ -CH,
1 3% .. ) R y 1 ¢ ¢t
!‘!---Cuz f‘""‘"z r:«-—-cuz
H NO NO,

N-8ubstituted azetidines with functional groups in the 3 position
ate readily accessible by the reaction of amines with epichlorohydrin.q

o) CHz-CHOH
/ \ t !

l-NH’ + CHzCH-CH €l ~~-~) N---CH

2 t

R

The benshydryl groups of N-benshydrvlazetidine derivatives can be
removed easily by catalytic hydtognnauons. On the other hand, N-t-~
butyl derivatives of larger-ring haterocycles are converted readily to
nitsamines by nitrolysis®. Thus N-t-butyl- and N-benshydryl-3-hydroxy-
asetine were chosen initially as starting materials for this work.

1-t-Butyl-3-hydroxyazetidine hydtoohlorideq and i-benghydryl-3-
hydronyasetidine hydrochloridc7 were obtained from the corresponding
smines and epichlorohydrin. Reaction of these salts with methanesul-
fonyl ohloﬂdo. Qave the corresponding 3-methanesulfonates.

The direot displacement of these methanesulfonates by sodium
nitrite was found to produce 3-nitroasetidine derivatives under rather
limited oconditions. The reaction of {-t-butyi-3-methanesufonatoacetid:ne
with sodium nitrite and phlorgucinol dihydrate in agueous methano! at
0°c gave an 8% yield of 1-t-butyl-3-nitroasetidine in 486 h. This mat-
etisl was somewhat unstable. and reactions at higher temperatures or in
mete ionising solvents such as DMF yielded no product. Because of the

need to keep the reaction temperatures low. the less reactive 3-bromo or

‘\".\' N SN NN e L L g e T a
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d-tosylato dotlvatlvo§ failed to give the desired product. The benthyd-

ryl derivative failed to give I-benthydryl-3-nitroazetidine under these

e, ¥

oonditions. This material was obtained in 11% yvield from 1-benthydryl-
J-jodoasetidine and sodium nitrite in aqueous DMF at 50°C in the pres-

enoe of phloroglucinol. The product was also obtained from iodoazet-

idine formed in-situ from the methanesulfonate and sodium iodide.

3

~ CH,_-CHOSO,Me H, ~-CHNO

} i 2 1 2 MeOH ! 2 t 2

. Ne-=CH, - ) N--~CH

% ! 3 NaNoO, ! 2

(:lh3 CMe,

y H

; i

F . ’ Clz-clll DMF CHz-CHNOz

Y { ! $ H,.O ! {

y : ! NlNOz t

%y CHPA 2 CHth

l’: = Nitrite displacements on four-membered rings have not been repor-

a |

g ted, and our attempts to prepare nitrooxetanes in this way were unsucc-
}

.‘f Qntul.’ The reactions apparently depend on the accelerating effect of

the ring nitrogen.

LRI ra

i-Benshydryl-3-nitroazetidine was converted to i-benzhydryl-3,3-

dinitroasetidine in 38% yield by reacting the nitronate salt with sodium

*é
' nitrite and tetranitromethane in ethanol. Attempts to use the oxidative
- nitration reaction were unsuccessful because of low water solubility of
‘A the nitronate salt. On the other hand. i-t-butvl-3-nitroazetidine was
"' oxidatively nitrated with silver nitrate- sodium nitrite to give 1-t-
butyl-3,3-dinitroasetidine in 39% yield. A 40% yield was obtained with
g ] recently dovolopod'o proceadure in which the nitronate salt is reacted
‘% w‘th sodium ferrocyanide, sodium persulfate and sodium nitrite. The

5

o ' tetranitromethane; or potassium ferrocyante - sodium nitrite method gave
S | only a 10% yield.

»

a‘

g 3
»
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(':!lz-(':KNOZ OH I (.:Hz-('ﬂNOz )2

N---CH NO, ~ N---CH

! 2 TNA : 2

CHth CHth

CH, -CHNO CH,_-C(NO_»

b 21 %2 ox. Nitr. g 2, T2

N--—Cl"lz ------- b !.i--—-CHZ

} OE* _ '

cma Fe . NOz CMca

A number of attempts to convert the 1-benthydrvi-3.3-dinitroazeti-

dine to 1.3.3-trinitroazetidine were made without success. The benthy-

dryl group is an efficient leaving group in hvdrogenstions. and the
hydrogenation of 1-benghydryl-3.3-dinitroazetidine was found to give an
80% yield of diphenylmethane. However, no nitro corpounds were reco-
vered. Direct nitration also failed to give 1.3.3-trinitroazetidine.
f-t-Butyl-3,3-dinitroazetidine was found to form stable salts with
strong soids, and was thus resistant to nitrolysis even with hot mixed
nitrio and sulfuricacids. With 100% nitric acid. the nitrate salt was
obtained, mp 155° (dec). The triflate salt and the hvdrobromide were
also isolated. Bromine formed a stable 1:1 adduct from which the
starting material could be recovered. However, {-t-butyl-3,3-dinitro-
asetidine reaoted quickly with a2 mixture of nitric acid and acetic

anhydride at ice bath temperature to give a 35% yield of the desired

1,3,3-trinitroasetidine.

c“z-C(NOz o

' ! HNO3

NeeeCH, = occaa-- )
2

i Aczo

CH.3

?Hz—?(NOZ )2
N---CH
!

NO

2

2

1.3,3-Trinitroaszetidine is a crystalline solid meltina at 101°C
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o without decomposition. Above 150°C it underwent siow decomposition Its

density, determined by the fiotation method. was found to be 1 83, and

its crystallographic density, measured at the Naval Research Laboratory.

- 4‘1

was 1.84.

s

K A
)
2l

The eleoctron-withdrawing effect of the gem-dinitro grouping appears

o

3 to enable this nitrolysis to take place by destabilizina salts of the
o
" :
\:} asetidine nitrogen. The reaction of i1-t-butyl-3-hvdroxvazetidine with
N
x5
:'3 ’ acetyl nitrate gave i-t-butyl-3-nitratoazetidine, but no nitramine-

' i oontaining product. Similarly, 1-i-propyl-3-hydroxyazetidine gave a

}::« ‘ : high yield of {-i-propyl-3-nitratoaszetidine. F
.._:

1 ! CHZ-CHOH (.'.lv(z-CMONO2
. $ } HNO3 ! ! R = Mesc. MeZCH
a2 ' N---CH,  ----- p N---CH,
N ! Ac.,0 !

- 2
o ’ R R

;i As an alternative route to 3-nitroazetidines. oxidation of the
o
-.: corresponding amines with m-chloroperbenzoic acid was tried. This
2

) reaction was used previously with the oxetane system.9 1-t-Butvi-3-
p

» aminoasetidine, prepared from the tosylate and unmonia“. was treated
N

>
‘8 with m-chloroperbenzoic acid in refluxing ethylene chloride. No nitro
compound was obtained.

L]

. Work was initiated on a route using 1-t-butvl-3-azidoazetidine as

itz

f an intermediate. This azide was obtained in 75% vield by reacting the

tosylate with sodium agzide in methanol.

g CH_-CHOSO, Me CH, -CHN
- v 2y 2 MeoH N
- N---CH, ... > N---CH
= ! 2 NaN, ; 2
_' : CMe 3 (:Me3
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X] ' Another method of introducing nitro groups into azetidines that was

<

> examined briefly is halogenation of the oximes 1-t-Butvl-3-ogimino-

asetidine could not be prepared because of instablilty of the precursor.

1-t-butyl-3-azetidone. However, 1-bemhydryl-3—azetidone‘z. obtained

:-_ from the reaction of the alcohol with oxalvl chloride and dimethyl
*
: sulfoxide, was treated with hvdroxylamine to give t-benzhydrvl-3-oxim-
: inoaszetidine. The reaction of N-bromosuccinimide with this oxime
: cleaved of the benzhydryl group to form benzophenone but no evidence for
" ' nitro-ocontaining produots was obtained. Nitration of adamantanone
" , oximes in refluxing methylene chloride gives gem-dinitro compound51
x|
: i However, nitration of 1-benzhvdryl-3-oximinoarzetidine under these condi-
)y ) ;
v , tions gave only the starting ketone.
£ ! 13 .
y i-t-Butyl-3-cyanoagetidine = was prepared, and was subjected to
X
i ¢
'_':{ alkaline nitration conditions M, but the desired nitro derivative was
X
! } not obtained. The nitrile also did not react with 100% nitric acid.
3 ’ Another approach to nitroazetidines jis to introduce the nitramino
'
¥ funotion befora the C-nitro groups. Hydrogenation of i-benzhydrvi-3-
"
‘
4 =
A hydroxyazetidine with Pearlman's catalyst" gave a hich vyield of the .
f: hydrochloride of 3-hydroxyvazetidine. Nitration of this salt with acetvi
3
’i nitrate gave an 87% yield of 1-nitro-3-nitratoazetidine.
1
CH_-CH-OH CH,-CH-OH CH, ~-CHONO
2 2 2 2
. ! ! H 2 H ! HNO3 H H
- N----CH2 ----- > HN---CH,  ----- ) N---CH,
b ' HC1 H' c1™ Ac,0 ;
The nitrate ester is a solid melting at 70-71°C. with a density of 14!
q
‘
[ The material is available in good overall vield. Removal of the nitrate
?
" aster group did not take place readily, but exhaustive attemots were not
§ nade.
; ¢ :
1
; |
S ..‘;"‘r';':\'-;;r*:‘\.;;"" <~_' ’ . D oA et T ’..-_. ‘ot ~.,A . .-.,' P A _._._.‘ S . R LS .‘
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N .
R
i§:1~ } Hydrogenation of 1-benzhydryl-3-menthanesulfonatoazetidine similar-
l...n.
::‘:::j ly gave 3-menthansultonatoazetidine. and nitration with acetyl nitrate
"{-.:-

. gave a high yield of 1-nitro-3-methanesulfanatoazeditine. 1-Nitro-3-
{
;.j : methansulfanatoazetidine did not undergo displacement reactions with
.'-:'-J
-:.:-j sodium nitrite or sodium azide. No reaction was observed below 100°C
A

- g%

= and the nitramine decomposed above that temperature

)

)

i-j:. CH, -CHOSO,Me CH, -CHOSO,Me CH, -CHOSO  Me
o ! ' H, ; ; HNO, ! !
N Ne--CH, ----- ) HN---CH,  ----- ) N---CH,

! WCI H* c1” Ac,0 '
. CHPh . NO

L z 1 2

\ i ]

‘v'-’

T
{, "-u |
:: Nitration of 3-carboxyazetidine with acetyl nitrate gave 3-
A '

) ocarboxy-1-nitroazetidine. This material was desired for conversion to

~

o4

-v. J
ok an ester, followed by alkaline nitration. This approach was abandoned
Y
- when attempted alkaline nitrations of the nitrile were unsuccessful.
“.’c"‘ .

.. .ﬂ

LA |
‘.-.Q
xR

S B. EXPERIMENTAL

_J 1-t-Butyl-3-hydrozyasetidine Hydroohloride. A modification of the
':, procedurs of Gcottnorq was used. A solution of 292 o (4 mol) of t-

o

“-

o butylamine and 370 ¢ (4 mol) of epichlorohydrin in 700 ml of hexane
. r was stirred at room temperature for 3 days. The solvent was removed at
S

'_‘;}j 60°C under vacuum. 200 mL of acetonitrile was added. and the solution
‘-’:‘.

L was refluzed for 4 h. Filtration, concentration of the filtrate and
:
« sefiltration gave 445 g (67%) of 1-t-butyl-3-hydroxyazetidine hydrochlio-
." . '
o ride, mp 163-167°% ait? 165-166%C).
e
e 1-Benzhydryl-3-hydrozyasetidine Hydrochloride This material was
vy prepared by the procedure of Anderson and Lok7 using methanol as the
4-\,5,‘
N
”-
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reaction solvent. An attempted preparation of 1-benzhvirvl-3-agetidino!
hydrochloride in hexane gave no crystalline products

1-t-Butyl-3-methanesulfonatoasetidine The method of Masuda. et
al.}! was used. Thus. a solution of 33 g (0.2 mol) cof 1-t-butyl- 3-
hydroxyasetidine hydrochloride in 50 mL of water wac made basic (oH 12)
with 10% sodium hydroxide solution and was extracted with 3 ?S to 100 mL
portions of methylene chloride. The methviene chloride solution was
dried over magnesium sulfate and the sclvent was removed under vacuum
The unstable free amine was dissolved immediatedly in a solution of 30 o
(0.3 mol) of triethylamine in 150 mL of dry benzene. and the solution
was cooled to 0°C with an ice-salt bath. Methanesultonvl chloride. 275
9 (0.25 mol) was added dropwise at a rate to maintain the temperature
below 4°C. and the solution was stirred for 2 hrs at 0° after the
addition was complete. The precipitated triethvlamine hvdrochloride was
filtered and was washed with 100 mL of benzene. Sclvent was removed
from the filtrates under vacuum at 45°C. and the residue. 40 g (70%) ot
{-t-butyl-3-methanesulfonatoazetidine, was used without further purifi-
cation.

1-t-Butyl-3-nitroasetidine. A solution of 25 o (0.36 mol) sodium
nitrite in 30 mL of water was added to a solution of 40 g (0.25 moD) of
1-t-butyl-3-methanesulfonyloxyazetidine and 32 g (0 Z mol) of phloroglu-
cinol dihydrate in 300 mL of methanol. and the reaction mixture was
allowed to stand at 0°C for 48 hrs. The resulting brown solution was
stripped of solvent under vacuum at 30°C and 200 mL of water was added.
This misture, which decomposes on standing, was extracted rapidly with
three 100 mL portions of methylene chloride. The m thvlene chirride
solution was dried over magnesium sulfate and evaporated and the resui-

tant oil was distilled to yield 2.5 g ¢ 8%) of 1-t-butvi-3-nitrsazeti-
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N dine, bp 50-52°C (0.1 mm): IR (CH,CL) 3000 (C-H), 1550. 1430 e !

i (NO,); NMR (DCCLy) & 0.95 (s. 9 H, CH,). 3.55 Gasym d. J=3 Hz. 4 H.

CHp, 4.90 (quint, J=3 Hs, 1 H).

% Anal. Caled for C.'HNNZOZ: C. 53.14; H. 8.72: N, 17.70. Found: C.
2 52.07; H, 8.66; N, 16.33.
i 1-t-Butyl-3-nitroazetidine was astable at -15°C for long periods.
but at room temperature in a sealed tube, it became brown and viscous in

» several days. Attempted preparations of this material starting with 1-
A t-butyl-3-bromoasetidine or 1-t-butyl-3-tosylatoazetidine or using other
‘: solvents suoh as DMF or using anhydrous conditions were unsuccessful.
: Longer reaction times up to one week failed to increase the vield and
reactions at room temperature gave yields in the 3% range.

E i1-Benshydryl-3-nitroasetidine. A solution of 31.5 g (0.1 mol) of

2 {=benshydryl-3-methanesuifonatoasetidine, 7.5 g (0.11 mol) of sodium

9‘ ‘ nitrite, 12 ¢ of phloroglucinol dihydrate, 14 g (0.1 mol) of sodium

$ iodide, and 20 mL of water in 200 mL of DMF was stirred at 50°C for 48
hrs and was then added to 150 nlL of water. The mixture was extracted
_ with 3 100 nlL portions of ether to give 14.1 ¢ of oil. shown by NMR

-'": analysis to be a 1:1 mixture of 1-benshydrvl-3-iodoatetidine and 1-

'. benshydryl-3-nitroazetidine. Column chromatography (silica gel, methy-
- lene chloride) to yield 3.0 g (11%) of 1-benzhydryl-3-nitroasetidine, m~
% 135-136°C: IR (CH,CL): 3050 (C-H), 1550, 1440 (NO,). 1370. 1340. 1200.
,3 1180, 1140, 1080, 1030 o-"l'. NMR (CDCla) & 3.5 (asvym d. J=3 Hz, § H.
Cllz), 43 (s, 1 H, CH), 48 (m, 1 H, CH), 7.0 (m, 10 H, Ar) ppm.

:, » Anal. Caled for C“H“Nzoz: C. 71.62; H. 6.01; N, 10.44. Found:

q C, 71.31; H, 6.52; N, 10.10.

j . Similar results were obtained when i-benthydryl-3-iodoazetidine was
;
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used in place of 1-benihydryl-3-methanesulfonatoazetidine. Reactions
using methano! as a solvent failed to produce the desired product.
Reactions using lithium bromide in place of sodium iodide gave i-bentzhy-
dryl-3-nitroasetidine in smaller yields. The use of anhvdrous condi-
tions and the addition of urea to dissolve the sodium nitrite in DMF did
not improve the yield.

1-t-Butyl-3-bromoasetidine. A mixture of 29 g (0.1 mol) of i-t-
butyl-3-methanesulfonatoaszetidine, 16 g (0.2 mol) of lithium bromide and
S0 al of acetone was stirred 24 h at room temperature. The salts were
filtered, the ascetone was evaporated on a rotary evaporator and the
residual oil was distilled to yield 9.5 ¢ (39%) of 1-t-butyl-3-bromo-
asetidine, bp 65-70°C (30 mm): IR (CHzClz): 3000. 2900 (C-H). 1480,
1360, 1220, 1100, 1090, 980 c-“; NMR (CDCXa) € 1.0 (5. 9 K, CHS)' 3.4
(m, 4 H, Cllz). 4.2 (quint, 1 H, ) ppm.

Anal. Calod for C1H“N3t: C. 43.76. H. 7.34; N, 7.29. Found: C,
4343; H, 7.04; N, 7.19.

1-Banshydryl-3-iodoasetidine. A solution 22 g (0.66 mol) of of 1-
benshydryl-3-methanesulfonatoasetidine and 12 g (0.8 mol) of sodium
lodide in 100 mL of DMF was stirred at 60°C for S hrs and 200 nL of
water was added. Extraction with 3 x 100 mL portions of ether gave a
dark brown oil. This oil was dissolved in 30 mL of methylene chlotide
and was passed through 10 g of silica gel Evaporation of the methylene
ohloride gave a waxy solid which was recrystallized from ethanol to give
16.3 g (70%) of 1-benshydryl-3-iodoatetidine, mp 96-97°C: IR (CHzClz);
3050 (C-H), 1420, 1200, 1060. 1020 cn"; NMR (CDCls)v & 36 (m, 9 H.
CHp, 42 (m, 1 H), 44 (s, 1 H), 7.0 (m, 10 H. AD ppm

Anal. Caled tor C“H“Nl: C, 55.02; H. 4462. N. 400 Found: C.
$8.29; H, 4.80; N, 4.03.

10
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1-Benshydryl-3,3-dinitroasetidine. A solution of 1.0 g (0.0037
mol} of i-benshydryl-3-nitroazetidine and 0.30 g <(0.0075 mol) of sodium
hy’.loudo in 30 nL of ethanol was stirred for 30 min at room temperature
lné 1.0 g of sodium nitrite was added. Dropwise addition of 1.0 ¢
€0.005 mol) of tetranitromethane resulted in an exothermic reaction.
and a cool water bath was used to keep the temperature below 30%.
After 30 min, and the sthanol was evaporated on a rotary avaporator. amd
S0 mL of water was added and the aqueous layer was extracted twice with
S0 mL of ether to give a waxy solid. Recrystallization from ethanol
gave 0.44 g (38%) of 1-benzhydryl-3,3-dinitroazetidine. mp. 85-84°C: IR
(CH.C1): 3030 (C-H). 1560, 1460 (NO,). 1380. 1340, 1200. 900 cm ! NMR
(CDCI’): & 3.95 (s, 4 H. CHZ)' 44 (s, 1 H. CH), 7.1 (m. 10 H. Ar) ppm.
Anal.  Calod for €, H N,O,: C 61.33; H, 4.80: N. 13.42. Found:
C, 61.34; H, 5.06; N, 13.23.
Attampted preparations of this material by oxidative nitration
using silver nitrate - sodium nitrite or by using potassium ferrocyanide
- sodium persulfate - sodium nitrite failed to give the desired product.
1-t-Butyl-3,3-dinitroazstidine. Freshly distilled 1-t-butyl-3-
nitroasstidine (3.2 g, 0.0202 mol) was dissolved in a solution of 0.84 ¢
€(0.021 mol) of sodium hydroxide in 50 mL of water (30 min stirring at
Toom temperature), and the solution was cooled to 10 °C. Then a chilled
solution of 6.9 g (0.1 mol) of sodium nitrite and 1.3 g ¢0.004 mol) of
potassium ferrocyanide in 50 mL of water was added followad by 6.6 ¢
(0.028 mol) of solid sodium persulfate. The temperature rose to 30%
after 10 min. The mixture was stirred for one h and then was extracted

with methylene chloride (2 x 50 mL). The methylene chloride solution

was dried with magnesium suifate and the solvent was removed on a roto-
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Y vao. The residual liquid was distilled to give 2 44 g 50%) of 1-t-

]

3 butyl-3,3-dinitroasstidine, bp 70-72°C (0.2 mm). mp 17-18°C: IR

Y

3 (CKzClz): 3030 (C-H), 1580, 1445 (NOz). 1375. 1320. 12490 cn-l NMR

P «:n;cx,» € 1.0 (5, 9 H, CHy, 4.0 (s, 4 H. CH) ppm.

1 Anal. Caled for C7H13N30‘: C. 41.38, H. 6.45; N. 20.68. Found: C.

E 41.66; H, 6.57; N, 20.11.

‘;g Ozidative nitration of 1-t-butyl-3-nitroazetidine to 1-t-butyi-3.3-
dinitroazatidine was also accomplished using silver nitrate- sodium

nitrite in 3% yield or tetranitromethane in 10% yield. This material

was stable for long periods at room temperature and stable to 100%

nitrio acid, mizned nitric and sulfuric acids, and trifluoromethanesul-

fonic acid. It formed a nitrate salt, mp 155 °%C Wdeo.

Hydrogenation of 1-Benshydryl-3,3-dinitroazetidine. A mixture of

‘ 0.40 ¢ (0.0013 mol) of i-benzhydryl-3.3-dinitroazetidine. 100 mL of

fi methanol, 0.3 g of concentrated hydroohloric acid and 0.080 g of Pearl-
,:, man’s oatalyst (5% palladium hyroxide on carbon) was hvdrogenated at 50
'?g psi at room temperature for 29 hours in a Parr bomb. At this time no
.2 'l further drop in pressure was observed and the catalyst was removed by
,Q filtration. Evaporation of the methanol and extraction of the residual

‘s ;‘ oil with ether gave a small amount of ether insoluble oil that contained
no nitro groups. The ether layer contained 0.17 g (80%) diphenyl-

Xy 4 methane, , as identified by IR and NMR comparisons with authentic

! . material.

l. 1,3,3=-Trinitroasetidine. Acetic anhydride (5 mL) was cooled with
‘ an ice bath to 2°C and 1.5 mL of 100% nitric acid was added dropwise.
$3 p ‘l&u mizture was stirred for S min and 0.75 g (0.0037 mol) of 1-t-

‘ butyl-3,3-dinitroazetidine was added dropwise. A waxv solid precini-
»; tated and slowly redissolved. After 1 hr, 50 mL of methviene chioride
N
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Report No. ONR-2-6

was added, and the solution was washed with 50 mL of water and $0 ml of
10% sodium oarbonate solution, dried with magnesium sulfate, and strip-
pif of solvent. The residual solid was recrystallized three times from
oarbon tetrachloride to yield 0.25 @ (35%) of 1.3.3-trinitroasetidine.
np 103-104°C: IR (CHzClz): 3050 (C-H), 1580. 1420 (NOz) om-ls NMR
(coct P: § 5.0 (a) ppm; density (A9N03 solution flotation) 1.83. This
material decomposed above 1509 and a sample was detonated by a hammer
blow.

Amal.  Calod tor C K N,O,: C. 18.76; H, 2.10: N. 29.16. Found: C.
10.93; H, 2.16; N 26.81.

1-t-Butyl-3-nitratoasetidine. A solution of 5.0 g (0.038 mol) of
1=-t=-butyl-3-hydroxyasetidine in 10 mlL glacial acetio acid was added
dropwise at 10-15°C to a solution of acetyl nitrate prepared from 10 mL
of 100% nitrio acid and 20 mL of acetic anhydride. The mixture was kept
at 10°C tor 30 min and at 25°C for 5 hrs snd then was poured over 100 mL
of ice. The mixture was neutralized with 10% potassium hydroxide and
was extracted twice with 50 mL of diethyl! ether. The solution was dried
over sodium sulfate and solvent was removed to yield 3.13 g (47%) of 1-
t-dutyl-3-nitratoazetidine as a liquid: IR (CHZC'Z): 3000 (C-H), 1610 (-
ONO,), 1440, 1350, 1265, 1220, 1120 om™ ': NMR (neats & 0.95 (s. 9 I
Clla), 3.2 (m, 4 H, Cl-lz), $.2 (quint, § H, CH) ppm. This material
deconposed on standing and was not subject to elemental analysis.

Similar reactions of 1-t-butyl-3-hydroxyazetidine with mixed nitric
aoid - sulfuric acid, or with 100% nitric acid lead only to formation of
nitrate esters. No nitramines were observed.

§1-i-Propyl-3-nitratoazetidine. A solution of 1| nl of concentrated

sulfuric acid and ? mL of 100% nitric acid was cooled to 5°C and 3.0 o

12
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(0.02 mol) of 1-i-propyl-3-hydroxyaszetidine hvdrochloride. was added.
The solution was stirred for 24 hrs at room temperature and was and
Pouud over 100 mL of ice. The water solution was neutralized with 10%
z.qucoul potassium hydroxide and was extracted with 3 x $0 mL portions ot
‘Iothylcno chloride. The methylene chloride solution was dried over
magnesiun sulfate and solvent was removed to vield 2.8 g (87%) of 1-i-

propyl-3-nitratoazetidine: IR (CH2C12): 3000 (C-H) 14620 (-ONDZ). 1440,

1360, 1320, 1280, 1220, 1190, 1095 cm~'. NMR (neat): & 1.0 ¢d. J=3 He.

é H, Clls). 2.2 (m, 1 H, CHMQ,‘). 30 (m, 2 ). 3.4 m. 2 H). 5.2 (m. | H.
zing CH). This material formed a solid hydrochloride. mp l54°C (dec).

Anal. Caled for C‘H‘JN Cl: C. 36.64: H. 6.66: N, 14.24. Found:

293
C, 36.27; H, 6.67. N 14.05.
Similar reactions of 1-i-propyl-3-hydroxyaszsetidine with nitric acid
or acetyl nitrate solutions gave nitrate esters but no nitramines.
' 1-t-Butyl-3-amninoszetidine. A solution of 29 ¢ (0.§ mol) of 1-t~
butyl-3-tosylatoasetidine in 100 mL of methanol saturated with ammonia
was stirred for two days at room temperature. The solution was filtered
and the methanol was removed under vacuum. The residual oil was dissoi-
ved in 100 mL of methylene chloride. washed with 50 ml of 10% sodium
carbonate solution, dried with magnesium sulfate and stripped of sol-
vent. Distillation of the resultant oil gave 5.0 (40%) of 1-t-butyl-3-
aminoasetidine, bp 55-56°C (10 wm). Spectra and phyvsical properties
were identical to those reported. 1
Attempted Oxidation of i-t-Butyl-3-aminoaszetidine. A solution of
T1.62 g (0.0012 mol) of i-t-butyl-3-aminoazetidine in 5 ml of 1.2-dichlo-
rosthane was added dropwise to a refluxing solution of 5.5 g (0 03 mol)

m-chloroperbangoioc acid in 50 mlL of 1.2-dichloroethane. An exothermic

teaction took place and a pale green solution was formed. The solution

14
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was refluxed for 30 min, cooled, washed twice with 50 mL of pH 6.0
phosphate buffer. Removal of the solvent gave an oil that showed no IR

nitfo bands between 1500 and 1630 cm ™). This oil was not investigated

1]
!uqthor .

i1-t-Butyl-3-azidoazetidine. A solution of 14.0 o (0.049 mol) of
i~t-butyl-3-tosylonyasetidine and 3.5 g of sodium azide in 50 mL of
methanol was stirred at room temperature for 18 hrs. The methanol was
svaporated and the residue was dissolved in 50 mL of methylene chloride
and was washed with 50 mL of water and 50 mL of 10% sodium ocarbonate
solution. The methylene chioride layer was dried over magnesium sulfate
and solvent was removed to yield 5.7 g (0.037 mol. 75%) of crude i-t-
butyl-3-asetidine, a light brown oil essentially pure on the basis of
NMR. An analytical sample was obtained by distillation (with difficulty
because of foaming): bp 50-52 (0.5 mm): IR (CHZC5) 3000 (C-H). 2140 (-
NS" 1380, 1220, 11040, 1000 cm'l; NMR (€DCl,) & 0.95 (s. 9 H. CH3). 30-
4.0 (m, S H.

Anal. Caled for CoH 4Ny €. $4.52; H, 9.15; N, 36.33. Found: C.
24.66; H, Y.50; N 36.18.

i-Benzhydryl-3-azetidone. A solution of 8.8 g (0.11 mol) of di-
methyl sulfoxide in 20 mL of methylene chloride was added dropwise to a
solution of 7.0 g (0.055 mol) of oxalyl chloride in 50 mL of methylene
ohloride at -78°C, and stirred for 10 min. Then a solution of 10 ]
{0.05 mol) of i1-Bentyhydryl-3-hydroxyazetidine in 50 mL of methviene
chloride was added dropwise and the mixture was stirred for 30 min.
Then 22 g ¢ 0.11 mol) of triethylamine was added and the solution was
warmed to room temperature. The methylene chloride solution was fil-

tered, washed twice with 100 mL portions of water, dried over magnesium

18
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sulfate and stripped of solvent to yield a dark oil. Thris o1l wa:
extracted with hot hexane (4 x 50 mL). Evaporation of the hexane gave
6.2 g (60%) of 1-benshydryi-3-azetidone. mp 94-95°C (methanoD, 70-71°C

(sthanoD), ait.’?

77-78).

1-Benshydryl-3-azetidione was converted to i-benzhydryl-3-oximino-
asetidine with hydroxylamine hydrochloride and sodium carbonate in
ethanol: mp 168-169°C wit. 16v-170°C).

Anal. Calcd for C“HMNZO: C. 76.16; H. 6.39;, N. 11.00. Found: C.
73.95; H, 6.28; N, 10.91.

Reaction of 1-Benshydryl-3-oximinoazetidine with NBS. A solution
of 2.5 g (0.01 mol) of 1-benzhydryl-3-oximinoazetidine in 100 mL of
dionane was added to a mixture of 6.0 g (0.03 mol) of n-bromosuccin-
imide, and 3.0 g of sodium bicarbonate in 50 mL of water. The reaction
minture became dark biue and then green over a 10 min period. After the
misture was stirred for 30 min. it was added to 300 mL of water and
extracted three times with 100 mL portions of methylene chloride to give
1.2 g (47%) of benzophenone, identified by IR and NMR comparison with
authentio material. The agueous solution was made alkaline with 10%
sodium hydrozide, and reextraction with methylene chioride gave only a
trace of 1-benshydryl-3-aszetidone.

Nitration of 1-Benshydryl-3-oximinoasetidine. To a solution of 1.0
¢ ¢ 0.0049 mol) of 1-benszhydryl-3-oximinoazetidine in 10 mL of refluzing
methylene chloride was added, dropwise, 1.5 mL of 100% nitric acid The
solution became dark green, blue and then colorless over a 10 min
pariod. After 20 minutes, the solution was cooled and extracted twice
th 10 mL of water. dried over magnesium sulfate ard stripped of

solvent. Extraction of the residue with 10 mL of chicroform yielded

0.10 g (10%) of unreacted starting material. Evaporation of the chloro-

16
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form gave 0.80 g (77%) of {-benghydryl-3-azetidone,, identified by IR
and NMR.

) Attempted Preparation of i-t-Butyl-3-cyano-3-nitroasetidine. A
solution of 13.8 @ 0.1 mol) of 1-t-butyl-3-cyanoazetidine’® and 17 g ¢
O.IIS mol) of potassium t-butoxide in 50 mL of tetrahydrofuran at -50°
and was stirred tor 30 min and 11.6 g ( 0.11 mol) of propyl nitrate.
was added dropwise. The solution was allowed to stand at room tempera-
ture for one hr and 100 mL of water was added The minture was extrac-
ted with ether to give starting 8.0 g (58 %) of recovered i-t-butyl-3-
oyanoasetidine, bp 70-72°C4 mm). No nitro containing materials were
observed.

Similar results were obtained when this reaction was attempted with
i-benshydryl-3-cyanoazetidine,

Reaction of i-t-Butyl-3-cyanocasetidine with Nitric Acid. A solu-
tion of 3.0 g (D.007? mod) 1-t-butyl-3-oyanoazetidine in 5 mL of 100%
nitrio acid was prepared at $°, and was stirred for 24 hrs at room
temperature. The reaction mixture was quenched with 50 mL of water, and
was made basic (pH ’13) with 10% potassium hydroxide. The water was
extracted with methylene chloride to give 0.80 g (80%) of recovered 1-t-
butyl-3-cyanoazetidine. No nitramines were observed in the IR.

3-Nitrato-1-nitroazaetidine. The addition 20 mL of 100% nitric acid
to 100 mL of acetic anhydride, with ice bath cooling. was carried out
at a rate such that the temperature did not exceed t5 °c . After 30 min
10 g (0.1 mol) of 3-hydroxyaszetidium chloride was added at 10°C and the
solution was stirred at room temperature for 6 hrs. The mixture was

poured over 100 mL of ice and water. After the mixture was stirred for

20 min, the precipitate was filtered and recrystallized from chloroform

17
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to give 16.3 g (B7%) of 3-nitrato-i-nitroazetidine, mp 70—71°C. bp 115-

118 (0.2 mm), density (AqNOa solution flotation) 1 61 IR (CHZCIZ)- 3050

2
oa”h Nmn (€DCL): & 45 (m, 4 H, CH), 5.3 (m. 1 H, CH) ppm.

(C-H), 1440 (ONOz). 1540, 1430 (NO,), 1310.1270. 1170. 1140. 1000, 840

Anal. Caled for C‘,’HSN O €, 22.09. H. 309: N, 2576 Found C.
22.27; H, 3.06; N, 22.47.

3-Methanesulfonato-1-nitroasetidine. Nitric acid (108 mL, 100%)
was added to 50 mL of acetic anhydride while the temperature was keot
balow 15°c, and the solution was stirred for 30 min Then 5.6 o (003
mol) of 3-methanesulfonatoazetidium chloride ! was added and the mixture
was stirred at 15°C for 30 min. The solution was pcured over 100 mlL of
jce and the mixture was stirred for 2 hrs. The solid which formed was
filterad and recrystallized from ithanol and then chlcoroform to give

5.23 g (86%) of 3I-methanesulfionato-i-nitroazetidine. mp 75-76 °C: IR
(CH,C1: 3050 (C-H), 1530 (NO,>, 1340, 1180, 1020, 940. 910 om ' NMR

u;uula): § 3.05 (s, 3 H, CH3—S). 496 (m, 4 H. CH_>. 5.1 (m. 1 H) ppm.

2

Anal. Caled for cyBNzoss: C, 24.36; H 4.09. N. 14 20. Found C.

24.50; H, 4.22; N, 14.09.

Reaction of 3-Methanesulfonato-i-nitroazetidine with Sodium
Nitrite. A solution of 1.8 g (0.01 mol) of 3-methanesulfonato~i-nitro-
asetidine, 0.8 g (0.011 mol) of sodjum nitrite, 1.4 g of phlorogucinol.
0.2 g of urea, and 0.5 ¢ of lithium bromide in 40 mlL of DMF was
stirred at room temperature for 4 days. NMR analysis showed no reac-
tion, and heating the solution 2 days at 40°C oave 1 55 a (86 W) of
recovered 3-methanesulfonato-i-nitroazetidine.

Reaction of 3-Methanesulfonato-i-nitroazetidine with Sodium Aszide
A solution of 1.8 ¢ <(0.01 mol) of 3-methanesulfonato-i-nitroazatidine

and 1.0 g (0.015 mol) of sodium azide in 30 mL of diethyleneglveol was

18
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,*':-' stirred at 80°C for 24 hrs. NMR and IR analvsis of showed no reaction
Heating the mixture to 130°C gave an intractable tar
'  3=Carboxy-i-nitroazetidine. To & cooled solution of 50 mL of
e acetic anhydride was added 10 mL of 100% nitric acid. with the tempera-
. ture maintained below 15°C. This solution was stirred for 10 min and
F ‘ 5.0 g €0.036 mol) of 3-carboxyazetidinium chloride ! was added. After 10
: min, an exothermic reaction occured and the solid dissolved. The solu-
L~
.~ tion was stirred for 8 hrs and was then poured over 100 mL of ice. The
S
misture was extracted twice with 100 mlL portions of methylene chloride.
.
j and the aqueous layer concentrated to 25 mL and extracted twice with S0
w2
- 3 ml of ether. Evaporation of the ether and trituration of the residual
S oil with methylene chloride gave a solid which was recrystallized from
>
!
"o ether to give 3.4 g (65%) of 3-carboxy-i-nitroazetidine, mp 132-134°%C:
oy
Y IR (XBr): 3100-2900 (O-H), 1695 (C=0), 1540, 1430 (NOz). 1300, 1220.
! 4
. 1160, 920 om ™" NMR (0,05 ¢ 3.5 (m. 1 W), 4.5 Gassym d. J= 3 Hz. 4 H).
N
‘_".t
s, o . . . .
-..’ Anal. Caled for chéNZOQ' C, 32.88; H. 4.14: N, 19.17. Found: C.
s 32.85; H, 4.86; N 18.98.
M
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I1II. ADAMANTANE CHEMISTRY

A. DISCUSSION

A stuay of the synthesis of carbocvclic poivnitro compounds was
lnitiatcd in the preceding vear1 with the objective of producing useful
high density explosives. With monofunctional adamantanes as model com-
pounds, intermediates to geminal dinitro grouns were chtained bv several
routes: direct nitration of oximes, bromination or chlerination to halo-
nitro compounds, and oxidation of oximes or awmines tc nitro compounds
Extension of this work provided 2.2.6.6~tetranitroadamantane. To obta:n
mora energetic adamantanes based on gem-dinitro substituents, it is
necessary to operate on 2.9 substituents. The principal obiective has
been to develop 2 route to 2.2,4,.4-adamantane, and model studies toward
this end were continued with simple adamantanes and with structurally
related bicvolononanes. Geometrical crowding of nitro groups is an
apparent obstacle.

The direct nitration of 2.4-dioximiroadamantane gave an internal
dinitro-nitroso dimerl and no tetranitro compound, suagesting that
because of steric requirements the nitrosoc intermediate dimerires before
it is able to further oxidize. Attempts to brominate this oxime under
normal conditions were unsuccesful. A recent paper un the chlorinaticn
of oxinos‘s suggested that halogen reactions of ozximes might be pH
dependent. Therefore, the reaction of N-bromosuccinimide with 2.4-dion-
iminoadamantane was carried out under mildly acidic c~nditions and at
subambient temperatures, and 2.4-dibromo-2.4-dinitroa-amantane was iso-
lated in 5% yield. The material. a mixture of 1somers. was character-

ized spectrally and by elemental analysis. Its melting naoint is 170-

20
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170°C. The fact that this material with bulky groups in in the 2.4-
positions is stable gives encouragement that the 2.,2.4.9-tetranitroada-
mantane structure is attainable.

The reduction of 2,4-dibromo-2,4-dinitroadamantane to 2.4-dinitro
adamantane is under study. Sodium borohydride gave a complex mixture of
produots, and other reagents are being examined.

Attempts to prepare 2,4-dinitroadamantane from the dioxime by
diract onidation with pertrifluoroacetic acid were not successful. Ada-
mantane oximes are known to undergo facile rearrangement to ring
expanded asa-homoadamantanes. This occurred in the peracid oxidations.
aven in buffered acetonitrile solutions, and no nitro compounds were
obtained.

The halogenation of oximes under alkaline conditions usually leads
to ketone formation. An exnception is the reaction of 2-oximinoadaman-
tane which forms z-chloto—z-nitroadamannne‘ without an added oxidizing
agent. The normal method to convert oximes to chloronitro compounds
involves the direct reaction with chlorine gas to form a chloronitroso
derivative which can be oxidized with ozone or peracid to the chloro-

nitro compound. chm/15

found that oximes react with aqueous hvpochlc-
rous acid at pH $.5 to give gem-chloronitroso compounds. which are
subsequently oxidized to gem-chloronitro compounds in benzene with
alkaline hypochlorite in the presence of a phase transfer agent such as
tetra-n-butylammonium hydrogen sulfate. In our hands. this reaction
gave ylelds in excess of ?0% with simple oximes and even with norbornvl
struotures.

In the adamantane system, however, the reaction of oximes with pH

$.5 hypochlerous acid gave an anomalous chlorination reacticn. The

reaction of 2-oximinoadamantane gave a $9% yield of z.2-dichloroadamana-

21




L)

B B W

(s

.
LIPS,

A A A

s

i

=N A AL

.
- "

I
LR

“
9
"
e
n.‘
.
"
*

S A PR N RO et A A S et i Bttt I Rt s

RACAES AERAR _4_'_,.'.. -t S . ST et
1

Report No. ONR-2-4

tane, 3 37% yield of 2-chloro-2-nitroadamantane and 2 4% vield of adam-
ant;nonc. The reaction of 2,4-dioximinobicvcio(3.3.1Inonane yielded 60%
of 2,2,6,6-tetrachloro-bicyclol3.3.1Inonane and no nitro compounds were
deteoted. The same product would be expected from the reaction of
bioyclo(3.3.1IJnonane-2.4-dione with phosphorus pentachloride. but
instead a material was obtained that appears. on the basis of analytical
data, to be z,é.é—triohloro-z-oxatrtcyclota.3.12'7Jdecane. The same
material was obtained from the reaction of 2.2.6.6-tetrachloro-bicyclo-~
{3.3.1)Jnonane with base. The reaction of 2.4-dioximinoadamantane with
hypochlorous acid gave 2,2,4.4-tetrachloroadamantane and no dichlero
dinitro derivative. The anomalous reaction cannot be explained simoly
on the basis of the inflexibility of the adamantane ring structure. t-
Buty! groups are known to prevent cis-trans conversions of cyclohexzne
rings, and 4-t-butyloximinocyclohexane and 2-t-butvloximinocyclohexane
both underwent normal reactions to give the chloronitroso derivatives.
Differences were also observed between adamantane systems and
oyolohexanes in conversions of nitronate salts to gem-dinitro compounds.
For example, the sodium salt of 2-nitroadamantane was converted to 2.2-
dinitroadamantane with tetranitromethane in high yield. On the other
hand, the sodium salt of nitrocyclohexane reacted with tetranitromethane
to give exclusively the coupling product, 1.1'-dinitrobicyclohexyl. In
the presence of sodium nitrite, however, this reacticn gave a 24% vield
of the ooupling product and a 7é% yield of 1.1-dinitiocyclohexane. The
resaction thus has similarities to the oxidative nitration, with telra-
nitromethane functioning as an electron transfer reacent The differen-

ces between adamantanes and cyclohexanes are not readily explainable
\

22
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| B. EXPERIMENTAL.'

f 3.2.6.6~Tetrachloro-bdicyclo(3.3.1Inonane. A pH meter was used t¢
neutralize 200 nlL of commercial pool bleach (5% sodium hvpochlorite) to
PH S.5 at 0-3°C with 10% sulfuric acid. Then 100 ml cf benzene and & 0
9 (0.027 mol) ot solid bicyclo{3.3.1Inona-2.6-dione diciime were added
rapldly with stirring. As the dioxime dissolved. the sclution beczme
deep blue. After § h, the benzene layer was removed >nd stirred with
100 mL of unneutralized bleach and 0.5 g of tetra-n-butviammonium bisul-
fate for an additional 2 h. The solution became colorless. The organic
layer was washed with 50 nmlL of water and dried over nagnesium sulfate

Removal of the solvent and distillation yielded 4.2 g (40%) of 2.2.6.6~

tetrachloro-bicyclol3.3.1.Jnonane. bp 112-115 (0.3 mm). mp 20-22°C: IR
(Cllzmz) 3000 (C-H), 1460, 1440 (C-CD) cm-i; NMR (CDCla) § 2.0-2.8 ppm.

Anal. Caled tor CH Clg €. 41.26; H. 4.58: CL 54.14. Found: C.
41.19; H, 4.32; Cl, 54.52.

3.C,C-Ttlohlno-Z-OIlttlcycloﬁ.3.tz"Jdooano Phosohorus penta-
chloride (10 g, 0.05 mol) was added with stirring to a solution of 30 ¢
(0.02 mol) of dbicyclol3.3.1Inona-2,6-dione in 50 mlL of methvlene chlor-
ide. After 15 min, the organic layer was washed (2 ¥ 100 mL of water).
dried over magnesium sulfate and stripped of solvent to yield 6.1 g of
ocrude oil. Distillation gave 3.1 g (48%) of 2.6.6~trichloto-2-onatri—
cyolot3.3.lz'7:|dooane. bp 86-88°C (0.3 mm): IR (CHZClz;v 3000 (C-H). 1440
(C-CD), 1300, 1100, 1000, 920 cm'x; NMR (CDC13) &€ 18-28 (m. 10 H). 5.6
m, 1 H) ppn.

Anal, Caled for C,H“CL‘sO: C. 44.75: H. 45%. Cl. 44.03. Found C.
44.44; H, 4.57; C1, 44.01.

G.l.o. analysis of the crude reaction minture on a 4' 3% SE-30

column at 150°C failed to show the presence of any 2.7 4 é-tetrachloro-

N
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Reaction of 2,2.6.6-Tetrachloro-bicyclo(3.3.1Jnonane with Base A
solution of 0.1 g (0.0004 mol) of 2.2,6,6-tetrachloro-bicvclol3 3 11-
nonane in 3 al of tetrahydrofuran was stirred for 2 weeks with 0.1 a of
potassium t-butozide. Then the sclvent was removed and the residual oil
was dissolved in 30 mL of methylene chloride. washed with 50 mL of
water, dried with magnesium sulfate and stripped of solvent to give 0.05
9 of an oil identified by nmr and ¢g.1.c as 2.6.6-trichloro-2-oxatri-
oyolots.s.lz'.'ldﬁcano. G.1.c. analysis did not detect either starting
2.3,6.6-tetrachloro-bicyclo(d.3.1Jnonane or bicyclol3.3 1Inona~2.6—-
dione.

No reaction took place between 2,2.4.6-tetrachloro-bicvelold.3 11~
nonane and sodiunm acetate in refluxing acetic acid (48 h) or potassium
hydroxide in ethanol (48 h at 25 °C).

Reaction of 3-Oximinocadamantane with Hypochlorous Acid. A mixture
of 30 aL of commarical pool bleach (5% sodium hypochlorite) and 50 mL of
ice was aociditied to pH 5.5 with phosphoric acid using a2 pH meter.

Then, 1.0 ¢ (0.0¢ mol) of 2-oximinocadamantane suspended in 20 mL of
bensene was stirred with the bleach solution for 10 min at 20-25°C. The
solid became blue, dissolved and decolorized. The organic laver was
ionuhd. washed with water, dried over magnesium sulfate and evapor-
ated to yleld 0.75 g ot an oil. Quantitative g.l.c. analvsis of this oil
showed it to contain 4% 2-adanmantanone, 59% 2,2-dichloroadamantane and
37% 2-ohloro-2-nitroadamantane. The 2.2-dichloroadamantane was identi-
fied by comparison with an authentic numlc.16

Reaotion of 2.4-Diocximinocadamantane with Hypochlorous Acid. A

solution of 100 mL pH 5.5 aqueous bleach was neurtalized with phosphoric

24
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acid as desoribed above and 2.0 g (0.01 mol) of 2.4-dioximinoadamantane

.'Ulpondcd in 100 ml of benzene was added The solid became blue. dissol-

ved and rapidly decolorised. After 1 h, the organic laver was washed

with 100 alL of water, dried over magnesium sulfate and stripped of

PO ———

solvent to yield 1.8 g of an cil. Column chromatography (silica gel.

e Rt 7o)

with ?:1 hexane-acetone) gave 0.35 g (13%) of 2.2.4,4-tetrachloroadaman-

(A

tane, mp 1939C (sealed tube. subl >110°C. 1 atm): IR (CH 1) 3000 (C-
H), 1450 (C-CD), 1240, 1080, 1040, 1000, 900, 840, 820 cm ', NMR «€DCly)

$ 1722 ), 23 4 H, 2.6 (4 H), 2.85 (2 H) ppm.

Mal: Calod for CioH;Cly: G 43.8; H. 4.73. Found: C. 43.79: H.

IRV FURAING. -

Reaotion of Cyolic Ozximes with Hypochlorous Acid. A solution of
1 10.0 g ¢0.059 mol) of 4-t-butyl-i-oximinocyclohexane in 50 mL of benzene
and 0.5 g of tetra-n-butyl ammonjum hydrogen sulfate were stirred with
100 ml of neutralized commercial 5% pool bleach (adiusted to pH 5.5 with
‘; 20 g of disodium hydrogen phosphate and phosphoric acid). The solution
‘3 turned blue immediately and decolorized after 10 min. The organic layer
was separated and dried over magnesium sulfate. Gl.c analvsis (120°C,
g 4' 8E-30 column) showed only one material. The crude material, 10.0 ¢

(92%), was distilled to yield 8.9 g (78%) of 4-t-butyl-i-chloro-1-

%

LB

nitrooyloohexane, bp 96-98°C (0.2 mm) ¢ reported'® yield 82%.

As & reference, 1.0 g (0.005$ mol) of 4-t-butvicvclohexanone was

““ saacted with 2.0 g of phosphorus pentachloride in 30 mlL of methylene
chloride for 2 hours at 23°C. The organic laver was washed with 100 mL

e

::t of water and dried over magnesium sulfate. GC.l.c. analvsis showed two

i g

;': ) pesks in relative ares ratios of 35:45 at shorter retention times than

B {

B [} that of 4-t-bdutyl-i-chloro~1-nitrocyclohexane. NMR analysis sugoests

~

- these materisls are 4-t-butyl-i.l-dichlorocyclohexane and 4-t-butvli-1-

“
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qhlorocyclohexene. Neither of these materials were observed in the
chromatogran of crude 4-t-butyl-i-chlore-1-nitrocvclohexane
Similarly, 1-oximinocyclohexane, 2-t-butvi-f{-oximinocvclohexane.
and orimino-d-camphor gave the reported chlorc nitro deri\mu’ves15
without detectable amounts of gem-dichloro derivative
Peronytrifivoroacetic Acid Oxidation of 2-Oximincadamantane A
mizsture of 235 g of disodium hydrogen phosphate., 21 g (0.1 mol) of
trifluoroacetic anhydride, and 50 mL of acetonitrile was treated dron-
wise with 1.8 g of 50% hydrogen percxide at 10-15°C. After 30 min., 1.¢
g (0.01 mol) of 2-oximinoadamantane in 30 mlL of acetonitrile was added
dropwise with rapid stirring at the reflux temperzture . A transient
blue color appeared. After 1 h the solvent was evaporated, and the
residual oil was diluted with 50 mL of methylene chloride and was washed
with 200 nl of water. The organic layer was dried over magnesium sul-
fate and solvent was removed to give £.4 g (87%) of 3-oxahomcadamantan-
2-one, identified by IR and NMR comparisons to authentic material. 18
2.4-Didromo-12.4-dinitroadamantane. A mixture of 27 @ (0.15 mol) of
n-bromosuocinimide and 15 ¢ of sodium bicarbonate in 150 mL of 20:80 o- ,
dioxane-water was cooled to 1o°c and 5.0 g (0.025 mol) of 2.4-dioximino-

adamantane was added. The solid bacame green and slowly dissolved. The

mizture was stirred 48 h and was extracted with methylene chiloride (4 x
100 mL). The organic layer was washed with 100 mL of water. dried with
magnesium sulfate and solvent was evaporated to give 3.1 @ of crude oil.
Colunn ohromatography (silica gel, 95:5 hexane-actone) gave 0.52 g (5%)
of 2,4-dibromo-2,4-dinitrcadamantane. (mixture of isomers). mp 150-170:
IR (CH.CL)), 3000 (C-H), 1560. 1420 (NO,). 1220 em-1: NMR (CDCl) § 2.0-

3.0 (11 H), 3.9 4 H) ppm.
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Anal. Caled for cmHuBerzO‘: C, 31.27; H 3.37. N 7.29. Found: C.

:: 31.23; H, 3.33; N, 7.25.

:' Reduction of 2.4-Dibromo-2.4-dinitroadamantane with sodium borohvd-
A ' ride in methanol gave a complex mixture of nitro- and carbonvl-contain-
:% ) ing materials.

Reaoction of Nitrooyclohezans with Tetranitromethane. A solution of

4.0 g (0.03 mol) of nitrocyclohexane in 10 mL of ethanol was stirred

with 1.3 ¢ (0.033 mol) of sodium hydroxide in S mL of water for 30 min.

SR AARAPLA

‘Then, 6.0 g (0.03 mol) of tetranitromethane was added dropwise and the

solution was stirred for 1 h. The ethanol was evaporated and the resi-
:‘4 dual oil was dissolved in S0 mlL of methylene chloride and was washed
3 with water (3 x 100 mL). The organic layer was dried over magnesium
‘ sulfate and stripped of solvent to yield 3.75 a (92%) of 1.1'-dinitrobi-
3 oyclohenyl, mp 222 9%dec. (it 217-221°C). In another experiment, 2.0 g
3, . .
= | (0.015 mol) of nitrocyclohexane and 0.6 g (0.015 mol) of sodium hvdro-
3 | xnide, were stirred with a solution of 3.5 g (0.05 mol) of sodium nitrite
3
:, in 1S aL of water for 30 min, and 3.0 g (0.015 mol) of tetranitromethane
b
-; was added dropwise. The reaction mixture was worked up as above to
vield 0.90 g of a waxy solid. NMR analysis of the product showed 24%
; 1.1'=dinitrobioyoclohaxyl and 7% of 2.2-dinitrocyclohexane(é% and 26%
conversions respectively).

AR 27
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